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Description

�[0001] Fluid flow in a wellbore is typically measured
such that an overall or average fluid velocity is ascer-
tained from pressure-�sensing instrumentation placed
downhole in the wellbore. The analyses of the dynamics
of fluid flow in a wellbore typically rely on complex math-
ematical models that generally predict flow characteris-
tics and do not necessarily accurately depict the fluid flow
in the wellbore in real-�time. Previous methods for the
measurement of flow characteristics in wellbore applica-
tions utilized "indirect" measurements of skin friction;
however, such methods presuppose some a priori knowl-
edge of the flow, such as data that can be used to estab-
lish correlative or theoretical principles. Various exam-
ples of such methods include measurement of wall heat
transfer, measurement of heat transfer from a hot wire,
or thinning of an oil film on the surface of the fluid for
which the flow characteristics are to be predicted. Such
methods work for cases where the flows of the fluid are
already well understood. They are generally not, howev-
er, well-�suited or reliable for complex situations in which
the flows include eddies or are otherwise three dimen-
sional, are at unsteady state, flow near or around rough
or curved walls, flow subject to injection or suction, or
mix with foreign fluid injection or high-�speed flows, es-
pecially those with impinging shock waves, high en-
thalpies, and/or combustive tendencies.
�[0002] US 4,986,122, over which the independent
claims are characterised, discloses a sensor comprising
an edge for disposing in a fluid flow to develop a fluid
flow boundary layer for measuring the magnitude and
direction of the fluid flow.
�[0003] An apparatus and method for monitoring and
characterizing the fluid flow in and around the tubing
string in a wellbore using signal sensors is disclosed
herein.
�[0004] According to an aspect of the present invention
there is provided a system as claimed in claim 1.
�[0005] According to another aspect of the present in-
vention there is provided a method as claimed in claim
7. The apparatus includes a signal sensing demodulator
device and a skin friction sensing device positionable
within the wellbore. Both devices are in informational
communication with each other. In a preferred embodi-
ment, both devices are configured with fiber optic com-
ponentry and utilize fiber optic transmission lines to trans-
mit the information therebetween. The skin friction sens-
ing device is mounted within a wall of a tubing string in
the wellbore and is engagable by a fluid flowing adjacent
to the tubing string. A plurality of skin friction sensing
devices may be circumferentially arranged about both
the inside surface and the outside surface of the tubing
string to engage fluids flowing adjacent to either or both
of the corresponding surfaces. The signal sensing de-
modulator device may be located either at the surface of
the wellbore, at a downhole location in the wellbore, or
at a point distant from the wellbore.

�[0006] The method for determining fluid flow charac-
teristics in the wellbore includes exposing the skin friction
sensing device to a fluid flow, transmitting a signal ob-
tained as a result of a movement of the skin friction sens-
ing device from the fluid flow to a signal sensing demod-
ulator device, converting the signal to a numerical value,
and computing a parameter of the fluid flow in the well-
bore from the numerical value. Exposure of the skin fric-
tion sensing device to the fluid flow is attained by mount-
ing the skin friction sensing device in the tubing string
wall such that it can be engaged by the fluid flow and
measuring the direction and drag force associated with
the fluid flow. In a preferred embodiment, fiber optic com-
ponentry is utilized to sense the skin friction, transmit
information, and receive the information in the demodu-
lator device.
�[0007] Such an apparatus and method allows for the
quantification of shear force and direction of force of a
fluid at a multitude of points along the flow path of the
fluid, which in turn allow for the characterization of non-
uniform flows associated with oil wells in which the tubing
is non- �vertical.
�[0008] Preferred embodiments of the present inven-
tion will now be described by way of example only and
with reference to the accompanying drawings, in which:�

FIGURE 1 is a perspective view of a cross section
of a fiber optic skin friction sensor,
FIGURE 2 is a schematic view of a cross section of
a tubing string through which a fluid flows;
FIGURE 3 is a schematic view of a cross section of
a tubing string through which a first fluid flows con-
centrically disposed within a casing to define an an-
nulus through which a second fluid flows;
FIGURE 4A is an elevation view of a cross section
of a tubing string having a plurality of fiber optic skin
friction sensors disposed therearound configured to
monitor a fluid flow within the tubing string;
FIGURE 4B is an elevation view of a cross section
of a tubing string having a plurality of fiber optic skin
friction sensors disposed therearound configured in
an alternating pattern to monitor a first fluid flow with-
in the tubing string and a second fluid flow outside
the tubing string; and
FIGURE 5 is a schematic view of a wellbore incor-
porating a fiber optic flow characterization system
for monitoring fluid flow in the wellbore.

�[0009] The characteristics of the flow rate and the fluid
flow direction of downhole wellbore fluids can be deter-
mined through the use of a fiber optic skin friction sensor,
as shown and described below. Skin friction sensors
measure the shear force (which is proportional to a ve-
locity gradient of the fluid flow) associated with fluid flow
past the sensor. As flow rate increases, the shear force
of the flow applied to the sensor increases. The shear
force of the flow effectuates a positional change in the
sensor, which is translated into a quantitative value that
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is used to determine the rate of flow past the sensor. The
direction of the flow can also be derived by resolving the
direction of the applied shear force.
�[0010] The ability to quantify shear force and the di-
rection of force at several points along the flow path can
be used to characterize non-�uniform flows of downhole
wellbore fluids in non-�vertical environments. Additional
parameters such as fluid density and viscosity can also
be calculated based on data developed from liquid flow
characterization tests. Furthermore, complex flow fields
involving fluids of different phases or due to different
types of fluids can also be quantified when other fluid
parameters such as fluid density, fluid capacitance and
fluid resistivity are known. For example, average flow rate
for single or multi- �phase fluids flowing through the tubular
where the sensing devices are located, and the percent-
age of each fluid phase at the cross- �section where the
sensing devices are located, can be determined.
�[0011] Referring to FIGURE 1, a typical fiber optic skin
friction sensor is shown generally at 10 and is referred
to hereinafter as "sensor 10". Sensor 10 includes a float-
ing head 12 (also called a moving wall) that is capable
of making a direct measurement of a force exerted ther-
eon by the flow of a fluid (not shown) engaging floating
head 12. Floating head 12 is mounted to a first end of a
rod 14 such that floating head 12 "floats" within an open-
ing in a body portion 16 of sensor 10. A second end of
rod 14 is pivotally secured inside body portion 16 of sen-
sor 10. A disk 17 is fixedly secured at a point intermediate
the first and second ends of rod 14 to define a gap 20
between disk 17 and body portion 16. Movement of float-
ing head 12 and disk 17 occurs in response to the effects
of the shear force exerted by the flow of the fluid.
�[0012] A reflective surface 18 is fixedly disposed on a
surface of disk 17 that is adjacent to gap 20. Reflective
surface 18 is configured and positioned such that light
introduced into gap 20 through optical fibers 22 is reflect-
ed off reflective surface 18 and is returned through optical
fibers 22. The position of disk 17 relative to the position
of sensors (not shown) disposed on a surface opposing
reflective surface 18 is a function of the shear force ap-
plied to floating head 12. Using interferometric tech-
niques, the sensors measure the angular position of disk
17 relative to the point at which light is introduced into
gap 20. As the position of floating head 12 is altered by
the shear force of the fluid flow, the characteristics of the
light transmitted back to the sensors off reflective surface
18 from optical fibers 22 are altered. Changes in these
characteristics are interpreted as distances that floating
head 12 is displaced from a non-�flow position, from which
the fluid dynamics of the system can be discerned.
�[0013] Referring to FIGURE 2, a wellbore is shown
generally at 24. Wellbore 24 comprises a tubing string
26 through which a fluid (not shown) flows. A flow profile
for the fluid in tubing string 26 is shown at 28. Flow profile
28 may be in either direction or both directions within
tubing string 26, as evidenced by opposing arrows radi-
ating from a cross sectional slice of wellbore 24. Tubing

string 26 is defined by a continuous wall that forms a
tubular structure through which the fluid moves. Sensor
10 is placed in the inside diameter (ID) of tubing string
26 such that a floating head of sensor 10 is adjacently
positioned to the general plane of the fluid flow and such
that pressure gradients or shear gradients within tubing
string 26 caused by the fluid flow can cause movement
of the floating head. As the fluid flows across sensor 10,
the direction and drag force of the flow are measured at
the inner wall of tubing string 26 and are used to calculate
the velocity of the fluid. In a preferred embodiment, a
plurality of sensors 10 is distributed around the circum-
ference of tubing string 26 to interpret the shear forces
exerted on the surface of the tubing string 26 by the fluid
at a particular cross sectional slice of wellbore 24.
�[0014] In FIGURE 3, an alternate embodiment of a
wellbore is shown generally at 124. Wellbore 124 com-
prises a tubing string 126 disposed substantially concen-
trically within a casing 125 to define an annulus therebe-
tween. Fluids (not shown) flow within both the annulus
and tubing string 126. A first flow profile, shown at 128,
is characteristic of a first fluid flow within tubing string
126, and a second flow profile, shown at 129, is charac-
teristic of a second fluid flow within the annulus. In a man-
ner similar to that as stated above with reference to FIG-
URE 2, a first sensor 110 is placed within a wall of tubing
string 126 such that a floating head thereof is engagable
by the fluid flow within tubing string 126. A second sensor
111 is then placed within the wall of tubing string 126
such that a floating head thereof is engagable by the fluid
flow within the annulus. In a preferred embodiment, a
plurality of first sensors 110 is distributed around the inner
circumference of tubing string 126 to interpret the shear
forces of the fluid flow within tubing string 126 at a par-
ticular cross sectional slice of wellbore 124, while a plu-
rality of second sensors 111 is distributed around the
circumference of tubing string 126 to interpret the shear
forces of the fluid flow within the annulus. Although de-
picted as being longitudinally displaced from each other
in FIGURE 3, first sensors 110 and second sensors 111
may be arranged such that sensors 110, 111 are dis-
posed within a single cross sectional slice of the wall of
tubing string 126, and may be arranged in a variety of
patterns.
�[0015] Referring now to FIGURES 4A and 4B, arrange-
ments of sensors 10 and alternating configurations of
first sensors 110 and second sensors 111 are shown on
cross sections of tubing strings 26, 126. In FIGURE 4A,
an arrangement of sensors 10 is illustrated in which sen-
sors 10 are each positioned to respond to a fluid flow (not
shown) within tubing string 26. Although only eight sen-
sors are depicted, any number of sensors may be incor-
porated into any particular cross section of tubing string
26. In FIGURE 4B, an arrangement of alternating first
sensors 110 and second sensors 111 is shown in which
first sensors 110 are positioned to respond to a fluid flow
(not shown) within tubing string 126 and second sensors
111 are positioned to respond to a fluid flow (not shown)
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adjacent to the outside surface of tubing string 126. In
either FIGURE4A or FIGURE 4B, at least one of the sen-
sors of the arrangement may be another type of sensor
configured to measure various parameters of downhole
fluids including, but not limited to, chemical species, pres-
sure, temperature, and density.
�[0016] Referring to FIGURE 5, a fiber optic flow char-
acterization system for a wellbore is shown generally at
30 and is hereinafter referred to as "system 30". System
30 comprises a fiber optic sensing demodulator instru-
ment 32, flow monitoring equipment 34 disposed within
wellbore 24, and a fiber optic communications cable 36
connecting fiber optic sensing demodulator instrument
32 and flow monitoring equipment 34 to provide informa-
tional communication therebetween. Flow monitoring
equipment 34 typically includes sensing locations distrib-
uted about the circumference of tubing string 26 within
wellbore 24, as described with reference to the foregoing
FIGURES 4A and 4B. In system 30, the sensing locations
of flow monitoring equipment 34 preferably include fiber
optic skin friction sensors 10 (sensors 10), as described
above with reference to FIGURE 1 through 4.
�[0017] Fiber optic demodulator instrument 32 provides
a light source to sensors 10 and converts a return signal
from each sensor 10 to the required measurement data,
which is typically drag force and direction of drag force.
From such data, analysis software associated with fiber
optic demodulator instrument 32 manipulates the meas-
urement data to provide fluid flow characteristics data to
the operator. Fiber optic demodulator instrument 32 is
preferably located at the well head or at least at the sur-
face of wellbore 24, but may, however, be located down-
hole proximate flow monitoring equipment 34 or at any
point between flow monitoring equipment 34 and the sur-
face. Alternately, fiber optic demodulator instrument 32
may be located at any point distant from wellbore 24.
�[0018] In alternate embodiments of system 30 (not
shown), the fiber optic configurations may be substituted
with electrical sensors and electrical systems. For exam-
ple, the movement of floating heads of electrical sensors
may be converted into electrical signals, which in turn
may be transmitted through conventional electrical wiring
to a non-�fiber optic demodulator instrument that converts
the electrical signal to the required measurement data.
�[0019] In any of the foregoing embodiments, the re-
quired measurement data typically includes the fluid flow
rate and direction of flow at each sensing point around
the circumference of the tubing string. This data can be
determined and characterized in order to provide accu-
rate modeling of fluid flow in the downhole environment.
In particular, for known viscosity and density of the fluid,
the flow rate of the fluid in the tubing string can be quan-
tified. On the other hand, if the total flow rate of the fluid
is known (a value that is typically obtained from a flow
metering device) or if fractional flow is derived from indi-
vidual or combined sensor data, then the viscosity and
density of the fluid in the tubing string can be quantified.
For more complex fluid flow situations involving multiple

phases or particulate matter, multiple sensing points may
be installed within the fiber optic flow characterization
system for the wellbore to provide data sufficient for the
calculation of the desired measurement data.
�[0020] While preferred embodiments have been
shown and described, various modifications and substi-
tutions may be made thereto without departing from the
scope of the invention. Accordingly, it is to be understood
that the present invention has been described by way of
illustration and not limitation.

Claims

1. A system for monitoring fluid flow characteristics in
a wellbore, comprising:�

a skin friction sensing device (10, 110, 111) po-
sitionable within said wellbore (24,124);

characterised by: �

a signal sensing demodulator device (34);

wherein the skin friction sensing device is mounted
within a wall of a tubing string (26,126) in said well-
bore (24,124) said skin friction sensing device
(10,110,111) being engagable by a fluid flowing ad-
jacent to said tubing string (26,126) and is in infor-
mational communication with said signal sensing de-
modulator device (34).

2. A system for monitoring fluid flow characteristics in
a wellbore as claimed in claim 1, wherein a plurality
of said skin friction sensing devices (10,110, 111)
are circumferentially arranged about a cross section
of said tubing string (26,126) in said wellbore
(24,124), said skin friction sensing devices
(10,110,111) being engagable by at least on fluid
flowing adjacent to at least one of either an inside
surface of said tubing string (26,126) and an outside
surface of said tubing string (26,126).

3. A system for monitoring fluid flow characteristics in
a wellbore as claimed in claim 1 or 2, wherein said
signal sensing demodulator device (34) is located at
a surface location relative to said wellbore (24,124).

4. A system for monitoring fluid flow characteristics in
a wellbore as claimed in claim 1 or 2, wherein said
signal sensing demodulator device (34) is located at
a downhole location relative to said wellbore
(24,124).

5. A system for monitoring fluid flow characteristics in
a wellbore, as claimed in any preceding claim, �
wherein said signal sensing demodulator device (34)
is a fiber optic sensing demodulator device; and
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wherein said skin friction sensing device
(10,110,111) is a fiber optic skin friction sensing de-
vice.

6. A system for monitoring fluid flow characteristics in
a wellbore as claimed in claim 5, wherein said infor-
mational communication between said fiber optic
sensing demodulator device (34) and said fiber optic
skin friction sensing device (101,110,111) is ar-
ranged to be maintained through a fiber optic com-
munication means (22).

7. A method for determining fluid flow characteristics
in a wellbore, comprising: �

exposing a skin friction sensing device
(10,110,111) to a fluid flow (28,128,129);

characterised by: �

transmitting a signal obtained as a result of a
movement of said skin friction sensing device
(10,110,111) from said fluid flow (28,128,129)
to a signal sensing demodulator device (34);
converting said signal to a numerical value; and
computing a parameter of said fluid flow
(28,128,129) in said wellbore (24,124) from said
numerical value;

wherein said exposing of said skin friction sensing
device (10, 110, 111) to said fluid flow (28,128,129)
comprises mounting said skin friction sensing device
(10,110,111) in a tubing string (26,126) wall such
that said skin friction sensing device (10,110,111) is
engagable by said fluid flow (28,128,129).

8. A method for determining fluid flow characteristics
in a wellbore as claimed in claim 7, wherein said
exposing further comprises measuring a direction of
said fluid flow (28,128,129) and a drag force asso-
ciated with said fluid flow (28,128,129).

9. A method for determining fluid flow characteristics
in a wellbore, as claimed in claim 7 or 8, wherein
said skin friction sensing device (10, 110, 111) is a
fiber optic skin friction sensing device; and
wherein said signal sensing demodulator device (34)
is a fiber optic sensing demodulator device.

10. A method for determining fluid flow characteristics
in a wellbore as claimed in claim 9, wherein said
transmitting of said signal to said fiber optic sensing
demodulator device (34) is through a fiber optic com-
munications cable (22).

11. A method for determining fluid flow characteristics
in a wellbore as claimed in claim 7, wherein said
exposing further comprises measuring a magnitude

and direction of drag forces associated with said fluid
flow (28,128,129).

Patentansprüche

1. System zum Überwachen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch, umfassend:�

eine Oberflächenreibungsmessvorrichtung (10,
110, 111), die innerhalb des Bohrlochs (24, 124)
positionierbar ist;�
gekennzeichnet durch: �

eine Signal abtastende Demodulatorvor-
richtung (34);

wobei die Oberflächenreibungsmessvorrichtung in-
nerhalb einer Wand eines Rohrstrangs (26, 126) in
dem Bohrloch (24, 124) eingebaut ist, wobei die
Oberflächenreibungsmessvorrichtung (10, 110,
111) durch eine Flüssigkeit, die neben dem
Rohrstrang (26, 126) fließt, eingeschaltet werden
kann und sie sich in informationeller Verbindung mit
der Signal abtastenden Demodulatorvorrichtung
(34) befindet.

2. System zum Überwachen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 1, wobei mehrere der Oberflächenreibungs-
messvorrichtungen (10, 110, 111) um einen Quer-
schnitt des Rohrstrangs (26, 126) in dem Bohrloch
(24, 124) herum angeordnet sind, wobei die Oberflä-
chenreibungsmessvorrichtungen (10, 110, 111)
durch mindestens eine Flüssigkeit, die neben min-
destens einer entweder einer Innenfläche des
Rohrstrangs (26, 126) und einer Außenfläche des
Rohrstrangs (26, 126) fließt, eingeschaltet werden
können.

3. System zum Überwachen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 1 oder 2, wobei die Signal abtastende De-
modulatorvorrichtung (34) sich an einer Stelle auf
der Oberfläche in Bezug auf das Bohrloch (24, 124)
befindet.

4. System zum Überwachen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 1 oder 2, wobei die Signal abtastende De-
modulatorvorrichtung (34) sich an einer Stelle in dem
Bohrloch in Bezug auf das Bohrloch (24, 124) befin-
det.

5. System zum Überwachen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach einem
der vorhergehenden Ansprüche, �
wobei die Signal abtastende Demodulatorvorrich-
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tung (34) eine faseroptische abtastende Demodula-
torvorrichtung ist; und
wobei die Oberflächenreibungsmessvorrichtung
(10, 110, 111) eine faseroptische Oberflächenrei-
bungsmessvorrichtung ist.

6. System zum Überwachen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 5, wobei die informationelle Verbindung zwi-
schen der faseroptischen abtastenden Demodula-
torvorrichtung (34) und der faseroptischen Oberflä-
chenreibungsmessvorrichtung (101, 110, 111) so
angeordnet ist, dass sie über ein faseroptisches Ver-
bindungsmittel (22) beibehalten werden kann.

7. Verfahren zum Bestimmen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch, umfassend:�

Exposition einer Oberflächenreibungsmessvor-
richtung (10, 110, 111) einem Flüssigkeitsstrom
(28, 128, 129); �
gekennzeichnet durch: �

Übermitteln eines Signals, das als Ergebnis
einer Bewegung der Oberflächenreibungs-
messvorrichtung (10, 110, 111) erhalten
wurde, von dem Flüssigkeitsstrom (28, 128,
129) an die Signal abtastende Demodula-
torvorrichtung (34);
Umwandeln des Signals in einen numeri-
schen Wert; und
Berechnen eines Parameters des Flüssig-
keitsstroms (28, 128, 129) in dem Bohrloch
(24, 124) aus dem numerischen Wert;

wobei die Exposition der Oberflächenreibungs-
messvorrichtung (10, 110, 111) dem Flüssigkeits-
strom (28, 128, 129) den Einbau der Oberflächen-
reibungsmessvorrichtung (10, 110, 111) in einer
Rohrstrangwand (26, 126) umfasst, und zwar der-
gestalt, dass die Oberflächenreibungsmessvorrich-
tung (10, 110, 111) durch den Flüssigkeitsstrom (28,
128, 129) eingeschaltet werden kann.

8. Verfahren zum Bestimmen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 7, wobei die Exposition des Weiteren das
Messen einer Richtung des Flüssigkeitsstroms (28,
128, 129) und einer Zugkraft, die dem Flüssigkeits-
strom (28, 128, 129) zugeordnet ist, umfasst.

9. Verfahren zum Bestimmen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 7 oder 8, wobei die Oberflächenreibungs-
messvorrichtung (10, 110, 111) eine faseroptische
Oberflächenreibungsmessvorrichtung ist; und
wobei die Signal abtastende Demodulatorvorrich-
tung (34) eine faseroptische abtastende Demodula-

torvorrichtung ist.

10. Verfahren zum Bestimmen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 9, wobei das Übermitteln des Signals an die
faseroptische abtastende Demodulatorvorrichtung
(34) über ein faseroptisches Verbindungskabel (22)
erfolgt.

11. Verfahren zum Bestimmen der Eigenschaften eines
Flüssigkeitsstroms in einem Bohrloch nach An-
spruch 7, wobei die Exposition des Weiteren das
Messen einer Größe und Richtung von Zugkräften
umfasst, die dem Flüssigkeitsstrom (28, 128, 129)
zugeordnet sind.

Revendications

1. Système pour le contrôle de caractéristiques d’écou-
lement de fluides dans un puits de forage,
comportant :�

un dispositif (10, 110, 111) de détection de frot-
tement superficiel pouvant être positionné dans
ledit puits de forage (24, 124) ;

caractérisé par : �

un dispositif démodulateur (34) de détection de
signaux ;

dans lequel le dispositif de détection de frottement
superficiel est monté dans une paroi d’une colonne
de production (26, 126) dans ledit puits de forage
(24, 124), ledit dispositif (10, 110, 111) de détection
de frottement superficiel pouvant être engagé par un
fluide s’écoulant à proximité immédiate de ladite co-
lonne de production (26, 126) et étant en communi-
cation d’informations avec ledit dispositif démodula-
teur (34) de détection de signaux.

2. Système pour le contrôle de caractéristiques d’écou-
lement de fluides dans un puits de forage selon la
revendication 1, dans lequel plusieurs desdits dis-
positifs (10, 110, 111) de détection de frottement su-
perficiel sont agencés circonférentiellement sur une
section transversale de ladite colonne de production
(26, 126) dans ledit puits de forage (24, 124), lesdits
dispositifs (10, 110, 111) de détection de frottement
superficiel pouvant être engagés par au moins un
fluide s’écoulant à proximité immédiate d’au moins
l’une d’une surface intérieure de ladite colonne de
production (26, 126) et d’une surface extérieure de
ladite colonne de production (26, 126).

3. Système pour le contrôle de caractéristiques d’écou-
lement de fluides dans un puits de forage selon la
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revendication 1 ou 2, dans lequel ledit dispositif dé-
modulateur (34) de détection de signaux est placé
en un emplacement de surface par rapport audit
puits de forage (24, 124).

4. Système pour le contrôle de caractéristiques d’écou-
lement de fluides dans un puits de forage selon la
revendication 1 ou 2, dans lequel ledit dispositif dé-
modulateur (34) de détection de signaux est placé
en un emplacement de fond par rapport audit puits
de forage (24, 124).

5. Système pour le contrôle de caractéristiques d’écou-
lement de fluides dans un puits de forage selon l’une
quelconque des revendications précédentes,�
dans lequel ledit dispositif démodulateur (34) de dé-
tection de signaux est un dispositif démodulateur de
détection à fibre optique ; et
dans lequel ledit dispositif (10, 110, 111) de détection
de frottement superficiel est un dispositif de détec-
tion de frottement superficiel à fibre optique.

6. Système pour le contrôle de caractéristiques d’écou-
lement de fluides dans un puits de forage selon la
revendication 5, dans lequel ladite communication
d’informations entre ledit dispositif démodulateur
(34) de détection à fibre optique et ledit dispositif
(101, 110, 111) de détection de frottement superficiel
à fibre optique est agencée de façon à être mainte-
nue par un moyen (22) de communication à fibre
optique.

7. Procédé pour déterminer des caractéristiques
d’écoulement de fluides dans un puits de forage,
comprenant :�

l’exposition d’un dispositif (10, 110, 111) de dé-
tection de frottement superficiel à un écoule-
ment de fluides (28, 128, 129) ;

caractérisé par : �

la transmission d’un signal obtenu, en résultat
d’un mouvement dudit dispositif (10, 1101, 111)
de détection de frottement superficiel, dudit
écoulement de fluides (28, 128, 129) à un dis-
positif démodulateur (34) de détection de
signaux ;
la conversion dudit signal en une valeur
numérique ; et
le calcul d’un paramètre dudit écoulement de
fluides (28, 128, 129) dans ledit puits de forage
(24, 124) à partir de ladite valeur numérique ;

dans lequel ladite exposition dudit dispositif (10, 110,
111) de détection de frottement superficiel audit
écoulement de fluides (28, 128, 129) comprend le
montage dudit dispositif (10, 110, 111) de détection

de frottement superficiel dans une paroi d’une co-
lonne de production (26, 126) de façon que ledit dis-
positif (10, 110, 111) de détection de frottement su-
perficiel puisse être engagé par ledit écoulement de
fluides (28, 128, 129).

8. Procédé pour la détermination de caractéristiques
d’écoulement de fluides dans un puits de forage se-
lon la revendication 7, dans lequel ladite exposition
comprend en outre une mesure d’une direction dudit
écoulement de fluides (28, 128, 129) et d’une force
de traînée associée audit écoulement de fluides (28,
128, 129).

9. Procédé pour la détermination de caractéristiques
d’écoulement de fluides dans un puits de forage se-
lon la revendication 7 ou 8, dans lequel ledit dispositif
(10, 110, 111) de détection de frottement superficiel
est un dispositif de détection de frottement superfi-
ciel à fibre optique ; et
dans lequel ledit dispositif démodulateur (34) de dé-
tection de signaux est un dispositif démodulateur de
détection à fibre optique.

10. Procédé pour la détermination de caractéristiques
d’écoulement de fluides dans un puits de forage se-
lon la revendication 9, dans lequel ladite transmis-
sion dudit signal audit dispositif démodulateur (34)
de détection à fibre optique s’effectue par l’intermé-
diaire d’un câble (22) de communications à fibre op-
tique.

11. Procédé pour la détermination de caractéristiques
d’écoulement de fluides dans un puits de forage se-
lon la revendication 7, dans lequel ladite exposition
comprend en outre une mesure d’une amplitude et
d’une direction de forces de traînée associées audit
écoulement de fluides (28, 128, 129).
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